The haemolytic uraemic syndrome is characterised by a prodromal episode of diarrhoea followed by acute renal failure associated with a microangiopathic haemolytic anaemia and thrombocytopenia. ' The pathogenesis of the disorder remains unknown but recent suggestions have included abnormalities of platelet-endothelial cell interaction,2 with primary endothelial damage by a variety of toxic agents proposed as the initiating step in platelet adhesion, aggregation, and fibrin deposition.3 Reduced concentrations of prostacyclin,4 a lack of a stimulator of prostacyclin production,5 and the presence of an inhibitor of prostacyclin6 have also been reported in some patients with this syndrome.
Prostacyclin also influences platelet activity by inhibiting thrombin induced exposure of platelet receptors for the high molecular weight component of the factor VIII complex.7 This high molecular weight component, factor VIII related antigen, is reduced or absent in von Willebrand's disease,8 whereas the lower molecular weight part of the complex has the active coagulant factor VIII activity that is deficient in haemophilia A. Factor VIII related antigen has a biologically active site known as von Willebrand's factor or ristocetin cofactor, which is required for ristocetin induced platelet aggregation. Von Willebrand's protein (factor VIII related antigen/von Willebrand's factor) consists of a series of multimers of different molecular weight.9
Haemolytic uraemic syndrome occurs principally in young children and has been considered similar to thrombotic thrombocytopenic purpura which occurs predominantly in adults. '0 In chronic relapsing thrombotic thrombocytopenic purpura absence of the high molecular weight multimers has recently been noted during the acute phase of illness and this is thought to be related to platelet agglutination associated with the uptake of the multimers."
During the convalescent stage, these patients showed increased values of high molecular weight factor VIII related antigen multimers. In patients with haemolytic uraemic syndrome, the procoagulant part of the factor VIII complex has been shown to be increased during the acute illness and to return to normal with subsequent clinical improvement.12
Factor VIII related antigen has also been reported to be raised with a rapid return to normal values on clinical recovery,'3 but studies of factor VIII related antigen multimeric composition have only been reported in one child with haemolytic uraemic syndrome. 14 We have, therefore, measured factor VIII related antigen, von Willebrand's factor, and factor VIII related antigen multimeric composition in 13 children with haemolytic uraemic syndrome (11 cases from the West Midlands 1983 epidemic and two sporadic cases) to see if changes in factor VIII related antigen are implicated in the pathogenesis of haemolytic uraemic syndrome.
haemolytic uraemic syndrome (microangiopathic anaemia, thrombocytopenia, and acute renal failure) were investigated. All the patients had diarrhoea at presentation. Eleven presented during an epidemic of haemolytic uraemic syndrome in the West Midlands between July and September 1983; the remaining two were sporadic cases also presenting in 1983. The clinical and biochemical features of these patients at presentation are shown in Table 1 .
Venous blood was collected by venepuncture and nine volumes added to one volume of 0-11 M trisodium citrate. Platelet poor plasma was prepared by centrifugation at 1500 g for 15 minutes and stored at -20°C until tested.
Factor VIII related antigen was determined using an enzyme linked immunosorbent assay (ELISA) as described by Short et al. ' 5 Von Willebrand's factor was measured by a modification of the method of Brinkhous et al '6 using paraformaldehyde fixed platelets and ristocetin at a final concentration of 1 mg/ml. Crossed immunoelectrophoresis of factor VIII related antigen was done as previously described.17 As some plasma samples had very high values of factor VIII related antigen, crossed immunoelectrophoresis was also undertaken on samples diluted with buffer to give a final concentration of 1 U/ml. Multimeric analysis of factor VIII related antigen was performed using SDS agaroseacrylamide gel electrophoresis with a discontinuous buffer technique as previously described,'8 using a modification of the method of Zimmerman and Ruggeri.9
Results
Coagulation studies were performed at diagnosis and thereafter as clinically indicated. A shortening of the partial thromboplastin time by more than three seconds was found in eight of the 13 patients (see Table I ). No patient was considered to have acute disseminated intravascular coagulation. All 13 patients had noticeably raised factor VIII related antigen values (range 1*92 to 7-0 U/ml: mean 3-95 U/ml; normal range 0-5 to 1-5 U/ml) and seven of these were investigated serially during their illness. A rapid fall in factor VIII related antigen was observed in four children at the time of clinical recovery while a persistently raised factor VIII related antigen value was observed over a three week period in two children (see Fig. 1 ) who have 14 
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Days from presentation group.bmj.com on April 13, 2017 -Published by http://adc.bmj.com/ Downloaded from both developed chronic renal failure. One of these patients (patient 8, see Table 2 ) had a good clinical response after seven days with her creatinine concentration falling from 783 to 316 ,umoVl (8.8 to 3-6 mg/100 ml), but when dialysis was not performed on the eighth day, she developed acute pulmonary oedema and the creatinine concentration rose again. On that day the factor VIII related antigen value had risen from 3-44 to 5-12 U/ml. Patient 3 (see Fig. 1 ) who developed neurological complications on the day of hospital admission, with episodes of clonus and extensor spasms, had persistently raised factor VIII related antigen values over a three week period. This patient subsequently died from respiratory problems after a prolonged period of opisthotonus.
Von Willebrand's factor was measured in 13 patients during the acute illness (range 1X0 to 3X3 U/ml, mean 1-9 U/ml, normal range 0-5 to 1-5 U/ml). The ratio of factor VIII related antigen/von Willebrand's factor was abnormally raised in all patients (range 1-36 to 4-5, mean 2-32, normal range -1).
Qualitative abnormalities of plasma factor VIII related antigen were assessed initially with crossed immunoelectrophoresis. Fig. 2 shows the asymmetrical normal arc for comparison with the precipitin arc pattern observed in plasma from some of the patients (patients 2 to 6, 10, and 13). The patients' precipitin arcs have abnormal pre-peaks and increased anodal migration ( Fig. 2 and Table 2 ); additionally, some had double humped peaks (patients 2 and 5). As many of the patients had raised factor VIII related antigen values, the test plasma was diluted in buffer to a final concentration of 1 U/ml to exclude raised factor VIII related antigen concentration as a cause of the pre-peak. In plasma from five patients (patients 3, 4, 7, 9, and 13) the pre-peak resolved after dilution. All the patients' plasmas contained high molecular weight factor VIII related antigen which migrated poorly under the standard electrophoretic conditions. The pattern of the most anodal component of factor VIII related antigen precipitin arcs also suggests that abnormal amounts of high molecular weight factor VIII related antigen are present in the patients' plasma. Patient 2 was studied serially and these results (Fig. 2) show an increased amount of high molecular weight factor VIII related antigen in the initial samples studied, with a progressive return to a more normal pattern over 30 days.
Factor VIII related antigen multimeric analysis profiles for patients 1, 2, and 4 are shown in Fig. 3 . The plasma from these patients, like normal plasma, contains high, intermediate, and low molecular weight multimers of factor VIII related antigen. All the patients' plasmas (like those shown in Fig. 3) showed a normal triplet configuration in the lower molecular weight multimers. In contrast, however, to normal plasma, all the patients' plasmas at presentation showed a trailing effect above the upper limit of normal high molecular weight multimers (see Fig. 3 ), indicating the presence of multimers of higher molecular weight than those seen in M M" "~..:..::. Note (i) pre-peaks for plasmas in wells I to 4 and 8 to 10, (ii) double peaks for plasmas in wells 3 and 9. These abnormal precipitin arcs are on plasmas takcn during the acute stage of the illness and contrast with the normal arc (NP) and that in well 5 of a patient's (patient 13) plasma after full recovery. Plasma sampics electrophoresed in wells 1. 8, 9, and 10 are during the acute illness from patients 4. 1(), 5, and 6 respectively (see Table 1 ); in wells 2. 3. and 4 from patient 2-20. 27, and 30 days after presentation; in wells 6 and 7 from patient 3-13 and 14 days after presentation.
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normal plasma. This accords with the pre-peak and abnormal anodal component seen in the crossed immunoelectrophoretic precipitin arcs. Clinical improvement was accompanied by a corresponding fall in these abnormally high and the normal-high molecular weight multimers. In patient 3, however, persistently increased high molecular weight multimers (not shown) were observed over a three week period before his death.
Discussion
There are similarities between haemolytic uraemic syndrome and thrombotic thrombocytopenic purpura-a diffuse disease affecting the microcirculation, characterised by microangiopathic haemolytic anaemia, thrombocytopenia, fluctuating neurological abnormalities and, in over 50% of cases, renal dysfunction. '9 In some patients with thrombotic thrombocytopenic purpura a spontaneous aggregating agent has been detected. This effect can be inhibited by normal plasma and does not require thromboxane A2, release of platelet granule content, platelet metabolism, or calcium or magnesium ions and is, therefore, analogous to in vitro ristocetin induced platelet agglutination.2" The latter is accompanied by the attachment to platelets of the large factor VIII related antigen multimers. In patients with thrombotic thrombocytopenic purpura the absence of the high molecular weight multimers in the early stages and their reappearance with clinical improvement has been taken as evidence that the factor VIII related antigen multimers are involved in the pathogenesis of thrombotic thrombocytopenic purpura. The abnormal high molecular weight multimers are similar to those seen in cultured endothelial cells,2' hence Moake et al have postulated that patients with this disease have a defect in processing the large factor VIII related antigen multimers secreted by endothelial cells, and that these abnormal multimers cause periodic relapses." These authors have reported (unfortunately only in abstract) '4 two adult cases and one child with haemolytic uraemic syndrome in whom they found similar changes to those in their patients with thrombotic thrombocytopenic purpura. In this small series they postulate that haemolytic uraemic syndrome is a selective but reversible renal endothelial cell defect with associated factor VIII related antigen/von Willebrand Because of the findings in our patients we postulate that in haemolytic uraemic syndrome it is endothelial cell damage that causes release of factor VIII related antigen/von Willebrand's factor which has a multimer pattern that is different from that found in normal plasma. Persistence of these abnormal forms reflects continuing endothelial cell damage and a possible secondary effect is that the abnormal multimers cause platelet agglutination to the exposed subendothelium.
In this group, the quantitative and qualitative changes in factor VIII related antigen/von Willebrand's factor parallelled their clinical course. Measurement of factor VIII related activities would seem to be a useful prognostic indicator of the course of haemolytic uraemic syndrome in children. 
